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571 ABSTRACT

_‘Legle circuit hardware is provided for dividing a binary =

fraction divisor into a smaller binary fraction d1v1dend :

~ to provide a binary fraction quotient.

Initially, the divisor is stored in a storage register with -
its sign in the highest order bit position and remains

~unchanged during the division operation. Initially, the

dividend is stored in a dividend shift register and is .

- shifted left one bit before being applied to a parallel
~adder to perform a partial divide operation. A clock

signal 1s provided to time the division operations,

‘wherein, the stored dividend is added to the stored
~divisor in a parallel binary adder. When the highest

order or sign bit of the adder is posmve the sum of the
dividend and the divisor are stored in the dividend

~ register and a binary one is stored in a quotient reglster
"~ When the highest order or 51gn bit of the adder is nega- =

tive, the dividend register is shifted left and a binary
zero is filled in the quotient register. Control means,

~ including clock means, are connected logically to effect

the division eperatlen and data transfer without soft-

‘ware 1mp1ementat10n

8 Claim’s, 5 _Drewing Figures '
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HIGH SPEED DIVIDING CIRCUIT

BACKGROUND OF THE INVENTION

1 Fleld of the Inventlou

" This invention relates to high 5peed arithmetic units.
Mere specifically, the apparatus relates to logleal hard-
ware arranged to perform a division Operation |

2. Deserlptlon of the Prior Art |

Most small electrenle computing machines and cen-

capable of performing division. Even hand held calcula-

4,381,550
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tral processing units presently employ arithmetic units

tors are capable of performing division operations. The

‘simplest form of binary division is performed as a re-

verse procedure of multiplication. The quotlent in bi-

nary division is calculated through successive substrac-

15

tion of the divisor from appropriate orders of the divi-

dend. Each time the substraction operation leaves a
- positive remainder, a binary one is added to the corre-
sponding order of the quotient. Each time a negative

corresponding order of the quotient and steps must be

20 .

remainder would result, a binary zero is added to the

“taken which will, in effect, nullify the substraction and

leave the quotient unchanged. The problem created by

the handling of the negative remainder has been treated
- in several ways, all of which are time consuming and.
have heretofore created a requirement for extensive

complex logic. Recent developments in large scale inte-
- grated circuitry have enabled the manufacture of such

logic circuits at extremely low cost; however, the use of
such logtc has mereased the tlme required to produce a
quotlent o

Several techmques for handhng the negative remain-

der are known, such as adding the divisor back to the

25
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'whether or not there is an end carry of a one brt mto the
sign position.

After this double mampulauen ef the dlwser in a high

speed serial adder, the number in the divisor register
may be added to the dividend number to effect a sub-
traction tieration. When there is a carry out of a one bit

from the sign stage of the accumulator, the difference is
positive and a one bit is stored in the least significant

~ digit stage of the quotient register indicative of the most '
~significant bit of the quotient. When the remainder -

stored in the accumulator is negative, as indicated by a
zero 1in the sign stage, the divisor in the divisor register

‘does not require complementing and these two unal-

tered values may be added to effect the next subtraction
iteration. However, the zero in the sign bit of the accu-

- mulator is indicative of a zero quotient bit.

Numerous applications_exist where it is desirable to -

"prowde for high speed division eomputatlens Hereto-
fore, such apparatus has only been found in high speed

data processing machines having complex circuitry. As
an example, the accuracy of an antenna position is a-

- function of the smallest increment which may be de-

tected while it is moving. The increment of movement
can only be made smaller when the angular positions of
rotation are made extremely fast. The calculation of the

- increment of rotation is made by a division computa-
- tion, thus, it would be desirable to provide a simple,

~ economical high speed dividing apparatus without the :

30
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remainder each time a negative remainder occurs. An-

other method for producing the quotient when the re-
mainder becomes negative as a result of substracting the

divisor is to shift the divisor to the right and add it to the

negative remainder. When the divisor is shifted to the

- right one bit, it is effectively divided by two. If the

remainder changes from negative to positive, the partlal
quotient bit is a binary one. Each time the divisor is
subtracted from the positive remainder and it becomes
negatwe, the partial quotient is a binary zero.

Also, look ahead methods have been suggested
wherein, the divisor is compared with appropriate or-
ders of the dividend (or the remainder) so that subtrac-

tion of the lelSOl' wﬂl always produee a positive re-

marnder

All of the aferementlened dmsmn methods require

need for software implementation. - |
‘Heretofore, high speed apparatus for perfermlng _
division operations has been complex and as a result, has

required more operations than usually performed in a

simple binary multiplication eperatlon 1nvelv1ng repetl-

tive bmary addition.

| SUMMARY OF THE INVENTION
Itisa principal eb_]eet of the present invention to

~ provide an improved, high speed apparatus for per-

formmg division operations. - -
It is another principal object of the present invention
to prowde a simplified logic structure for perfermmg

- division in the same number of basic steps as in binary

45
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software or logic hardware, whlch executes a decision

makmg functlon

Carroll et al., us. Pat No 3 064,896 for an Asyn-— |

chronous . Dzwsmn Apparatus, teaches an apparatus

eapable of performing division operations in a data
processing machine at high speeds. The apparatus of

ik

this patent employs the principles of nonrestoring bi- -

nary dmsmn, wherein, the quotient is obtained through
successive subtractions of the divisor from appropriate
orders of the dividend using adder mreultry When the

divisor is positive, it is converted to one’s complement

form before being added to the pesuwe dividend. Now
the number in the divisor register is negative as a result

. of hawng been complemented and it must be converted

to a two complement form before being added to the
- positive dividend to assure that the data purtlen of the
| number, resultmg frem the ~subtraction, - is cerrect'

multlphcatlen without software implementation. | __
It is another principal object of the present invention -

to provide an apparatus for performing a division opera- e

tion which comprises one parallel adder and three regis-

ters logically connected to perform nonrestoring binary |
division by subtraction of the divisor from various or-
“ders of the dlwdend or from the sum of the d1v1deud

and the divisor. o
It is another principal object of the present invention

to prevxde a simplified logic structure for performing

division in the same number of basic steps as in binary

multlphcatlon without the requirement of complement-

ing any of the numbers during the division operation.
It is another object of the present invention to sense

_. the srgn of the dividend and the divisor and to place

them.in a predetermmed eomplementary form before
being stored in a storage regrster prior to the dwlsmn -

eperatwn

It 1s another object of the present invention to pro-
vide means for converting a negative quetlent to a posi- -

tive quotlent and storlng the quotlent in a parallel buffer
register. |
65

According to these and other Ob_]ECtS of the present
invention, there is provided a two’s complement adder
for first eonvertmg the dividend into its proper positive,

or negative eomplementary form. and bus means are
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51 appeamng on output lme 56 Inverted delayed pulse

42 on line 54 is effective to generate pulse 57 of wave-

form 51 on line 56. The trallmg edge of inverted de-
layed pulse 42 on line 54 is applied to the clock side of
- flip-flop 52 to cause the Q output of flip-flop 52 to go

5

high followrng the trailing edge 44 of pulse 42. The Q
‘output of flip-flop 52 on line 58 enables NAND gate 59
and bit counter 61. After gate 59 is enabled, clock pulses
on line 15 are ‘applied via line 62 to NAND gate 55 to

produce the second and followrng shift clock pulses 63
to 67 of waveform 51.

As prevrously explalned the d1v1der1d is present in

10
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re

| lrne 76 whlch wrll cause the quctrent to be eonverted
into a two’s complement form. - | L
~ The dividend shifted one bit to the left 1S contalned in

dividend shift register 45 and the divisor is contained in
‘the divisor register 39. The outputs of register 45 on bus

46 are applied to the B input of parallel adder 47. The o
-outputs of register 39 are on bus 48 as the A input to the

parallel adder 47. The sum of the two Inputs is present

in adder 47 and on the output of bus 49. |
The most significant bit or sign bit 15 of adder 47 is

present separately on line 81. Therefore, if the sum of -

~ the dividend and the divisor in adder 47 is posﬂwe or

regrster 39 and on bus 48 and present in adder 47 so as

~ to present the dividend to the dividend shift. regrster 45

~ on bus 49. When the first shift clock pulse 57 arrives, the
~dividend is placed in the dividend shift register 45

15

shifted to the left one position: The shift is preferrably

.' made by . a hard wired shift parallel input. Accordlngly,

- the zero bit position may be grounded to prevent an
input or to present a zero fill. -~ |

- After the dividend is loaded in reglster 45, the trallmg

20

edge of the second load pulse 42 appears inverted on -

line 22 and is applied to the clock input of the divisor

register 39 to load the divisor in register 39. The sixteen |
bit divisor is present in a register of the utilization equip- ~
~ment 11 and is processed by exclusive OR gate 13 and

adder 14 before being presented to divisor reglster 39. If
the divisor data on bus 12 is negative it remains un-
- changed, but if the divisor data on bus 12 is positive, it

will be changed to a two’s complement form. As previ-

ously explained, the dividend was complemented if it
was negative. The divisor is always presented in a nega-

tive form and the d1v1dend 1S presented in a posltwe |

form

‘invert the sign bit fifteen of the divisor on line 34. If the

sign bit is hlgh mdlcatmg that a negative divisor is on

bus 12, the sign bit is inverted at exclusive OR gate. 35
‘and no two’s complement is taken. If, however, the s1gn

bit on line 34 is positive, it is inverted to a negative

‘The second load pulse 42 arrives at flip- ﬂop 27 with
the Q output high causing exclusive OR gate 35 to

25
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zero, a low output is present on line 81 and is inverted

in inverter 82 before bemg applied to exclusive OR gate '

77 and to the control 111put cf dividend shift reglster 435

- via line 83.

When a high or positive condition is present on llne- =
83 it is an indication that there is a positive remainder

contained in adder 47 and a proper subtraction opera-

tion has occurred. However, when a low or negative

condition is present on line 83, it is indicating that there

IS a negative remainder present in adder 47. |
- If a positive remainder is sensed in adder 47 1t is

shifted one bit to the left and loaded into dividend shift

register 45 by the shift clock signal on line 56. However,

~ 1f there is a negative remainder sensed in adder 47, the
dividend in dividend shift register 45 is merely shifted

one bit to the left and applied to the B input of parallel |
adder 47 for the next division operation.

It will now be understood that the division operation -
occurs when the two inputs to the adder 47 are added to
produce a remainder and a sign bit on 11ne 81 during
each clock time. - |

The first division operatron gccurs durlng the first
clock time on line 62, shown on waveform 85 as a plu-

rality of division operation counts. The first division |
‘operation occurred during the second shift clock pulse

- 63. As subsequent clock pulses 64 to 67 occur, the divi- -

40

- condition and a two’s complement divisor is loaded into |
divisor register 39 at the time the trailing edge 44 of the

“second load pulse 42 is presented on line 22.

Before proceeding with the dividing operation, the
signs of the loaded dmdend and the divisor are com-

pared to enable the quotlent or answer to be produced

in an absolute form. The sign bit of the dividend on line

- 34 is clocked into flip-flop 36 by the leading edge of the
clear pulse 31. Pulse 31 on line 29 is inverted by inverter
68 and appears on line 69 at the clock input of flip-flop

45

sion operations are timed by the division operation

counts on waveform 85 which are being applied to bit
counter 61. Bit counter 61 is set to generate an output on

line 86 when the final or fifteenth divisional operation
count occurs. The final count on line 86 is inverted by
inverter 87 and applied as a low signal to AND gate 88

_via line 89. The initializing clear signal on line 91 was '

low, but is now high enabling AND gate 88. Any low

- signal applied to AND gate pate 88 produces a low
- signal on line 92 which clears flip-flops 27 and 52 prior

- to loading a new dividend and divisor.

50

As each divisional operation is occurring, the adder
47 1s producmg a remainder sum which has a positive or

- a negative sign. The remainder sum sign bit determines

- 36. Thus, the sign bit of the dividend appears at the Q

output of fllp flop 36 on line 71 to exclusive OR 72.
When the divisor sign bit subsequently appears on line

55

- 34, it also appears as an input to exclusive OR 72. If the

| orlgmal signs are the same, there is a low output on line

73, but if the signs are different, there is a high output on
line 73 to. the data input of ﬂrp flop 74. The delayed

inverted pulse 42 on line 54 is inverted by inverter 75
~and the delayed posmve going leading edge of pulse 42
clocks the compared sign bits on line 73 into flip-flop 74.

- If the orlgmal srgn of the dividend and the divisor are
- the same, there is a zero or low output on line 76 from

) the Q output of flip-flop 74. Line 76 connects to exclu-
sive OR 77 and the zero bit mput of the two’s comple-

ment adder 78. If the original sign of the dividend and

" dwrsor are dlfferent a one, or hlgh output, appears on

whether to load the remainder from the adder 47 into

the dividend shift register 45 or to shift the dividend in

the dividend shift register 45 one bit to the left. The
same sign bit from the adder 47 is the quotient bit which

is being produced on line 81 as the output of adder 47 to

- be stored in the quotient register 84. The same shift

clock pulses and clock pulses on line 56 also serially
load a quotient bit into the quotlent register 84. As the

~ quotient bit on line 83 is loaded via exclusive OR gate 77

“and line 80, it is inverted if the flag bit on line 76 was one -
- or high indicating that the srgn of the original dlwdend -
-and divisor were different. -
65

If the flag bit on line 76 is one or hlgh it produces a

- one or high bit at the zero bit input of the two’s comple--

“ment adder 78. If the 31gnal on line 76 is high, the quo- .

tient bits bemg stcred In. quotlent regrster 84 are 111-
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; 9 the examp .f_ig.'-;;j;;géexplamed ‘hen tl
The output. of buffer: register 79 on bus 95 . "a¢ shown at block

N t bloc 113 the: dw:smn ﬁﬂpefﬁtlﬁn
e -i_'-"g-*:;'j?i-a;jmay be retumed to the utlllzatwn appamm&.ll m may e

o ;ccmpleted ané the. Qperatmns are stopped as’ shg! Ii

- branch has occurred, the bit counter 61 is stepped one
nmi ta

wever, if the count has not reached ﬁf-

S ffiéif..éfﬁ'there 1s no chamge m the G.lu@txent blts hemg praduc&d}é ; ?I}?

. Iw:lsm (IN3’9} ) | " b
e % __dmdend (IN45) - S
1 1001¢ _fﬁ_lﬂiﬂl 1 1;_2'-}']5-'--*._Qi.f;-Sum neg, Q bit==
- Divisor (IN39}
f':'dl?ldﬂﬂﬁi (IN45}

Shlft regzster 34 wi

- without modification and appears at buffer register 79 25 1~
With@ut delﬁC&ﬂﬁ}ﬁ, bllt hﬁfﬂ ag&m, thﬂ ﬁftﬁ@l’lﬂl G!‘ el S R TR
mrast 31gn1ﬁcant or s&gn blt zs apph_;_j'gf

5jjj the qmﬂent G’ﬂ f;}utput data bus 95:':

the steps empla?’_;;gd in, loadi T
(e divisor into the: dwuﬂe generatun appamtus 1& Af f RO
" 'the decision to-load the dividend and the divisor, the |

©  loaddividend block 96 causes th
-~ into the dividend register 45; however, if the signofthe 35
.z'-'fz-;;'f'.;_é--dmiend i8: pasztl;gﬁ,é;. as’ Hﬁt&d at block 97, it is stafedi'
S -:_;?;j;_jﬁlrect in reglster 45 as shown. at. block 99. If the si '
. negative, the two’s complement of {1
. at block 98 and then stored in mgistﬁsr 45, After e
- dividend is swre';__,j?:-m. register 45, it is ready fora division 40
}?'};.';f.fﬁ?}ﬂperatmn ; "

ff'}f;?lt is. ready* to statﬁ: a dmsmn aperatm aﬁ shnwn at blaek ;ff;; PR
104 S | | T

if_;.___;s‘?x;f.f'éj};the steps emplof;_;
Sh :-f;_.-.;j.;;ig_:'_-.f_@pﬂmtions Assum
e divisor were: prtc:assad amﬂ stm" f;iﬁ_____
reSpectwely, they

3 shc}wmg a ltgw ﬂaw dlagmm .f

" Refer now to FIG

fth

Ref&r now to I -;;'.'#:sh@wmg a iogtc ﬂ@w dlagram if
Qﬂd__ m perftrmmg a plurality ﬁf dmsmn

111 reglsters 45 and 39
-are added together in adder 47 as

sh.wn in block 105. The fifteenth bit or sign of the sum-
Soooef registers. 39 and 45 is examined at block 106 and if

. negative or one, the contents of regist _
. left one bit as shown in block 107. If the sign is positive |
. orzero, the contents of the adder 47 :
??}:_f?;bzt and stored in reg

'?'fﬁ;ﬁii'n the cnntents @f regl*ster ;i_ _ SRR E S
ent m thﬂ ﬁddﬂl’, th,e !u@ugnt rﬂglﬁtﬁr 84 13 Shlftﬂﬂ 1 eft e :
1f-’i-f-f.}_;f-j0ne bit position: and the ¢ quttlent is filled

'_f Q:ﬁr ;f._

gister 45 as shown in block 109,
are shzft-f-f;"'

if.i;fiith 2 Zero blt.-_

-i’f'???fé’ﬁj-'iﬁ[H:wever, if the sign bit was f ;asxtlve mdwatmg that'a

éiifff_;jf:n&gatwe remainder was in adder 47, 1] -.
ter M- i shlfted Ieft (me blt and--is ﬁlled w1th aone l:::lt as.

the qumlent regm-

are shift_'

are shifted left one

mis.
edividendistaken =~ 6.
the « o
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" negative as shown as block 102, it is stored directin
- register 39 as shown in block 103, but if the sign of the 45~
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© Divisor (IN39) -
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e o 1-'-."1@;‘}-;_ iﬂl L i 'pﬂs sum !_ hﬁ_—- 1

i explﬂ ﬁt o | i SRR e R
ter 39 rs shswn tc ha;_fflef}a -ne bit m t 'f,fﬁ;.;j_ﬁfteen bxt Imm-

S A better understanding of Table Lis made whenex-
. intheleast significant bit position as showniin block 108. 65 ammad w:lt:_;';@;;Q-i-j;ijaference to- thﬂ Figur__es ﬂf;ﬁ,_;_ sc;hematwef::{:?if

g e genera--?—i;
ter T
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in two’s complement form as was explalned with refer-

‘ence to FIG. 3. The positive dividend in register 45 has

been shlfted left one bit and is still positive as indicated
~ by the zero in the fifteenth bit position: A zero bit is

filled in at the Zero. b1t posmcn of the dlvldend as it is
shifted left.
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tlcn Slnce the one blt mdlcatee a negatwe 31g11 1t 1S now |

‘At count 1, the sum of thc dmdend register 45 and '

divisor reglster 39 produces a negative sum as indicated
by the one in the fifteenth bit position of the sum. The

and appears as a zero bit on line 80 as it is shifted into the
lowest order or zero bit position of quotient shift regis-

ter 84. The quotient register contains fifteen bits (0-14)

‘and no sign bit. At the count of 1 register 84 contains
000 000 000 000 000. Following FIG. 4 and step 1, the

15

sum of the divisor reglster 39 and dividend register 45 is

‘not positive, thus, a zero is shifted into quotient reglster

84 and the dividend register 45 is a.lso shlfted left in-
20

preparation for count 2.

At count 2, the contents cf reglster 39 and 45 are

. added. The sum is again negative and another zero bit is

shifted into quotient register 84. Again, the contents of |
the d1v1dend register are shifted left and filled ‘with a -
25 -

zero in the lowest order bit in preparation for count 3.

At count 3, the addition of the contents of registers 39

and 45 prcduce a positive sum in adder 47, therefore, a
one bit is shifted into quotient register 84 which now
- contains 001 in the three lowest order bit pcs:tlcns
Now the sum in the adder 47 is shifted left as it 1s placed
in the dividend register 45 in prcparatlcn for count 4.

At counts 4 and 5, the sum remains negative and two ' |

~ more one bits are shifted into the quotient register 84.

Again, the sum in the adder is shifted left and placedin
35

‘the dividend register in preparation for counts 5 and 6.
At count 6, the sum in adder 47 becomes negatlve

again and a zero bit is shifted into quotient register 84.
The dividend register 45 is shifted left-and filled with a -

- zero in preparation for step 7. Quotient register 84 now
contains 001 110 in the six lowest order bit positions.

At step 15, a posnwe sum is produced in adder 47.

The last quotient bit is a one and is shifted into the zero

10
- one (1) 1s present on line 81 and inverted by inverter 82

10 | §
sald dWIScr and to sénse the sign bit to dctermme if
- the dIVldEIld and/ or the dlmscr shall be ccmplc-_
~ ‘mented; | | |
a parallel dlwdend shift register couplcd to said two S
- complement adder means for receiving and stormg
~ the dividend number from said adder means prior
to a division operation, B .
a parallel divisor register- ccuyled to said two’s com-
~ plement adder means for receiving and stonng the
- divisor number frcm said adder means pI‘lOI‘ to a
division operation, :
a parallel adder having its inputs ccnnected to the

output of the divisor register and the output of said

- dividend shift register, said parallel adder havinga
- sign position output, | - |
the output of said parallel adder bemg connected to
the input of said dividend shift register,

~ control means, coupled to said data bus and mcludmg

a flag bit comparator for comparing the mgn of the
dividend and the divisor, | o
quctlent shift register means ccupled to said ccntrcl L
means and coupled to the s1gn p051t10n output of

- said. parallel adder, and ._ |
sald control means being coupled to sald adder |
‘means, said divisor register and said dividend shift
register for producing timing signals for first load-
ing the dividend number and then the divisor num-
ber from said adder means into said dividend and
said divisor registers and subsequently mltlatmg a

dividing operation whereby, the number in said

- dividend shift register is added to the number in. :
said divisor register and the resultlng sign position

~output is processed and stored in said quotient
register means.

| 2 Apparatus for producing a quotient as set fcrth in .
claim 1, wherein said parallel adder input which is con-
- nected to the output of said dividend shift register is

connected to cause the number from the dividend regis--
ter to be shifted left one bit before being applled as an

~ input to said parallel adder.

bit position producing the fifteen bit (bits 0-14) quctlent -
in register 84, equal to 001 110011 110 111 with no sign -

- bit. The pcsuwe sum or flag bit on line 76 produces a
posuwe sign at bit 15 of buffer register 79, thus, a zero
bit is added at the fifteenth or sign bit position.

On the count of 15 the division 0peratlcu 1s' com-
pleted and the quotient with a sign is in buffer register -

79. An output enable signal on line 90 will transfer the

- contents of register 79 and prepare the system for the
next division operation which starts with load pulses 17

and 42 which generate a clear pulse 31 on line 29.
It will be understood that the answer in register 79

may be converted to other ccnvement forms such as
octal and/or decimal values.

45

50

3. Apparatus as set forth in claim 1, wherein said
control means is coupled to said dividend shift reglster
and said quotient shift register means and further in-
cludes a bit counter for ccuntmg the number of dividing
operation being performed in said parallel adder and for
generatmg a clear signal at the end of a dmsmn opera-

'tlon R
4, Apparatus _as set forth in claim 1, wherein said |

quotient shift register means coupled to said control
means further includes means for detecting the differ-

- ence of the sign bit of the sum of said dividend and said

divisor from said parallel adder with the flag bit com-

- parator output, said means for detecting the difference

33

Havmg explalned the present invention, it will be

understood that minor modifications of the invention

may be made within the scope of the present invention
which is set forth in the acccmpanylng claims.
I claim:

1 Apparatus fcr prcduclng a quctlent from a blnary.

number dmdend and a blnary number divisor ccmpns—-

_lng B L

a data bus fcr scquentlal transmlssmu of said dividend
- and said divider as parallel bit numbers,

two’s complement adder means connected to said

. da_t___a_bus and adapted to receive said dividend and

being coupled to the input of said quotient shift register

means for converting the quotient output from said
paral]el adder to a two’s complement form when the
sign of the sum of the divisor and dividend are dlfferent_
from the flag bit comparator output. |

5. Apparatus as set forth in claim 4, wherein said

- quotient shift register means comprises a serial-in-paral-

65

lel-out shift register for storing the quotient blts being

produced at said parallel adder, and |

~a second parallel adder connected to the output of
- said quotient shift register for receiving and storing
the parallel output from said quotient shift register

and for addmg a one blt generated by sald means.
for detectlng | |



'j twe 's complement adder means. includes: gating means fm_mmg a two's cor
. for detecting the sign of the dividend on said data bua ad“er' when said

H . :."H."_ et
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LI T T |

6 App-arams as set fcm:h in clmm 1, wherem sami df:tectmg t{}f?e_;- sngn if the ilEQ._ffS'r. m smd data bus fm-:;-- o

mplement in saif_s;;ftwe 5 wmplmmtﬁaﬁ SRR
Lok dms@r 181 ;.;__sxti_sif?ize.;:-e; s T
i ;si-é;fgfi_%f'f-r fQMg a twa s f;-mplement in Sald twa 5 mmple-z 8\ _ '};f?;pparams as: s&t forth in ;e:lam 1 wheram sald.f@.:f
S ve. vidend so that sald
© oo 7 Apparaty t forth 1n clalm 1 wherem Sald tWG s quunen.t 15 alwa-fi;ﬁ;}'fa fmetmn num; ;:j_.f_r thh a mgn, P e
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